The natural history and prognostic factors of cartilage loss in osteoarthritis of the knee were studied in subjects from a general population survey on rheumatic diseases in 
Insight into the natural history and prognostic factors of a disease is needed to influence its course. For such a common disease as osteoarthritis of the knee, however, surprisingly little is known about the natural history and prognostic factors. '" The few longitudinal studies on the natural history"7 have shown that the outcome based on symptoms, signs, and radiological changes varies greatly between subjects. These studies included only a few subjects, however, were retrospective in design, and most often based on selected patients from a hospital. Few prognostic factors were studied. Therefore they are of limited value for the study of prognostic factors to explain the variability in outcome. In a large longitudinal population based study, the National Health and Nutrition Examination Survey-I Epidemiologic Follow-up Study, the natural history of radiological osteoarthritis of the knee was studied with mortality, symptoms, and functional limitations as outcome. 8 Changes in the radiological signs of osteoarthritis, however, were not investigated. Only pain and swelling at baseline were evaluated as prognostic factors for pain and functional ability as outcome, but others were not.
Several prognostic factors could possibly explain the variability in outcome of osteoarthritis of the knee. These could have an influence on its progression through several mechanisms. Mechanical influences, increased joint use-for example, during work or sporting activities and traumatic events such as a meniscectomy-have been suggested as prognostic factors for cartilage defects.9 Obesity is also believed to be a prognostic factor, possibly due to increased knee loading, as patients with osteoarthritis of the knee are advised to reduce their weight.'0 In one study it was reported that obesity was a prognostic factor, " but no relation was found in two other studies. Another mechanism could be increased inflammation in the joint due, for example, to gout or chondrocalcinosis. Chondrocalcinosis occurs more often in severe osteoarthritis,12 13 though this could not be confirmed in a population based study. '4 There could also be a (genetic) predisposition to develop more severe osteoarthritis. Generalised osteoarthritis or Heberden's nodes may reflect a genetic predisposition to the development of osteoarthritis in several joints,'5 sometimes due to an abnormality of type II collagen gene. -18 There is a need to elucidate factors that can prevent progression of osteoarthritis of the knee and for which longitudinal studies are preferred. In a general population survey for the study of rheumatic diseases that took place between 1975 and 1978 data were collected to study the prognostic factors of osteoarthritis of the knee. These factors are related to cartilage loss as a measure of progression and as all subjects studied had osteoarthritis at baseline this study does not elucidate factors related to the occurrence of osteoarthritis of the knee.
Subjects and methods
POPULATION SURVEY IN 19758 From 1975 to 1978 a population survey was undertaken in the Dutch town of Zoetermeer. The aim of this survey was to study the prevalence and risk factors of several chronic diseases, especially rheumatic diseases, in subjects aged 20 years and older. Data were collected by a self administered questionnaire, physical examination, radiographs, and serum analyses.
Prognosticfactors ofknee osteoarthritis
In the questionnaire information was obtained about gender, age, current physical activities (jogging or membership of a sporting club), and smoking.
Physical examination consisted of the assessment of Heberden's nodes and a diagnosis of generalised or localised osteoarthritis, and the measurement of body weight and length. Presence in at least one joint was considered to be positive for Heberden's nodes. A doctor diagnosed localised osteoarthritis or generalised osteoarthritis based on a physical examination without knowledge of the radiographic findings. A diagnosis of localised osteoarthritis was made when clinical osteoarthritis was considered to be present in one or two joint groups; a diagnosis of generalised osteoarthritis was made when three or more joint groups were affected. Body weight and length were measured with indoor clothing without shoes. The body mass index was calculated as weight divided by squared height (kg/M2).
Radiographs of the knees were taken in people aged 45 years and over as weightbearing anteroposterior radiographs. These were scored on a five point scale (0-4) in 1975-8 according to Kellgren et al. '9 Two observers scored the first half of the radiographs. As one observer left the department during the survey, the second part of the radiographs were scored by a single observer (HAV). If the difference in score between the two observers was two or more or if one had scored 1 (doubtful) and the other had scored 2 (definite, but mild), the radiographs were reviewed by the two observers together during a consensus meeting. A score of grade 2 or more was considered to be positive for radiological osteoarthritis. If no consensus reading was necessary the highest score of the two observers was used in the analysis.
Serum analysis included the assessment of serum uric acid concentrations. FOLLOW UP IN 1988-9 In 1988-9 a follow up took place of all the subjects born after 1909 who had a radiograph taken of the knees and also had a score of grade 2 or more in at least one knee joint.
The subjects with a score of grade 2 The radiographs taken at baseline were reevaluated in 1989 independently by two observers according to the same procedures and criteria as in . If the score on the radiograph was confirmed to be 2 or more then the subject was included in the analysis. For those who had bilateral osteoarthritis determined radiographically only one randomly assigned knee was used in the analysis. During the second reading in 1989 chondrocalcinosis was scored separately on a four point scale (0-3) for the medial and lateral joint spaces. The medial and lateral scores were added because of the small number of subjects, and the mean score of the two observers combined. A mean score of 0 5 or more was regarded as positive for chondrocalcinosis.
In 1988-9 the radiographs of the knee joint were taken in the same way as at baseline in 1975-8. The only outcome measure used in this study was cartilage loss, scored as the change in joint space width between the two radiographs and assessed independently by two observers without any knowledge of other data. The observers scored the change in joint space width between the radiograph taken at baseline and the radiograph taken at follow up with the two radiographs placed side by side on the screen. The score, on a nine point scale, ranged from -4 to +4 depending on whether there was a decrease or increase in joint space width. Change in joint space width was scored for the medial and lateral side separately. The mean of the scores of the two observers was calculated and used in the analysis except when the difference was 3 or more or if one had scored -2 and the other 0 or -1 and +1. These radiographs were judged again during a consensus meeting of the two observers. With this procedure coding errors were corrected and discrepancies around the point of whether or not there was change were critically reviewed. When there was a difference in change between the two knee compartments, lateral and medial, the compartment with the largest decrease in joint space width or the smallest increase was used in the analysis. The reason for this choice was that cartilage loss in one compartment may result in widening of the other. A mean score of -1 or lower was considered to indicate cartilage loss and this cutoff point was assessed before any association was analysed. The outcome measure was dichotomised (though it was assessed as an ordinal variable on a nine point scale) to compare those subjects with to those subjects without cartilage loss and to be able to apply a logistic regression analysis to adjust for confounding variables.
STATISTICAL ANALYSIS
The (baseline) characteristics for the total group were calculated and cutoff points determined for several continuous prognostic factors. Age was categorised in five year age intervals.
Cutoff points for body mass index were quartiles and cutoff points for body weight and uric acid concentrations were tertiles. The scores based on the answers to the questionnaire for occupation related factors or the score for physical activity were multiplied with the years of employment in that job, including the years between the first and second radiograph, and all these values were added for all the jobs a respondent had had to form one sum score. In the analysis cutoff points were based on these (15) 15 (11) 58 (41) 69 (49) 48 (34) correct time sequence of two consecutive radiographs. " In our study the interobserver agreement for joint space change was 86% (x 070). Intraobserver agreement was not assessed but is likely to be even higher. Cartilage thickness measured on anteroposterior radiographs correlated with actual cartilage thickness,24 but cartilage thickness on radiographs was found to correlate imperfectly with cartilage defects seen during arthroscopy.25 How these results can be applied to the detection of cartilage loss by judging change in joint space width remains a subject for further study. No other method is currendy available for the study of progression of osteoarthritic abnormalities in epidemiological research. If non-differential misclassification can be assumed to be present, the observed relations would be stronger. In our study the radiographs were read as pairs (as in the study of Altman et al ") to detect even small changes. The readings of change in joint space width were performed without any knowledge of the other data except the presence of chondrocalcinosis on the first radiograph, thereby excluding the possibility of information bias.
In this study there was a relation between age and cartilage loss after adjusting for body mass index and gender but this relation became less strong and non-significant after adjusting for Heberden's nodes or generalised osteoarthritis. Although women had cartilage loss less often than men, women more often had severe progression when progression of cartilage loss had occurred (data not shown). Of the prognostic factors considered to have a mechanical influence, body mass index and body weight were found to be related to cartilage loss in subjects with knee osteoarthritis (table 3) , confirming the observation of Altman et al that obesity is related to the progression of osteoarthritis. " On the other hand injury to the knee joint and especially meniscectomy are unrelated to cartilage loss. As these factors were queried at follow up it cannot be excluded that these occurred as a result of progression. The year in which the injury or meniscectomy had taken place was also recorded. When the analysis was limited to those who had an injuiy before the first radiograph was taken (16 subjects) the OR was 2-15 (074 to 6 24) and for meniscectomy (11 31 It must be realised, however, that a selection of those subjects with a predisposition to develop progressive osteoarthritis for jobs with activities where knee loading is reduced might have occurred (healthy worker effect). This could also explain why no effect of other more traumatic occupation related factors was found. It is unlikely that the results are influenced by a change in employment as a result of progression as none of the subjects with knee pain had changed his or her job because of knee pain and only two subjects received social security payments because they were unable to work as a result of knee pain. Jogging or being a member of a sporting club (assessed at baseline) and sporting injury (asked at follow up) were unrelated to cartilage loss. This may also reflect a kind of 'healthy worker effect.' For sporting injuries it is also possible that the question was not accurate enough because it was not asked which knee had sustained the injury or when it had happened. On the other hand it may be that these activities were all within a physiological range as the cartilage will adapt to its requirements. Immobilisation leads to thinning of the cartilage and reduced proteoglycan production in animals32 and repetitive loading leads to increased production of cartilage matrix components.30 31 Valgus or varus deformity induces cartilage and bone changes similar to those found in osteoarthritis in animal experiments. 33 The results support the idea that tibial osteotomy could be beneficial in osteoarthritis of the knee.' As the question about bow legs or knock knees was asked in 1988-9, however, a recall bias cannot be completely excluded. The question about bow legs or knock knees referred to the early (childhood) presence of these knee abnormalities. Inflammation, possibly mediated by interleukin 1, could influence cartilage loss.35
Inflammation may result from uric acid deposits (high serum concentrations of uric acid) or chondrocalcinosis. More severe osteoarthritis occurs in patients with chondrocalcinosis. '2 13 In this study there was a relation between cartilage loss and chondrocalcinosis and uric acid but this was reduced after adjusting for age, gender, and body mass index. The relation between cartilage loss and Heberden's nodes and a clinical diagnosis of generalised osteoarthritis suggests some systemic influence on cartilage or a cartilage abnormality that is present in all the joints. In our study we have chosen to include all subjects with Heberden's nodes because of the small number of subjects affected. At baseline the score for Heberden's nodes was determined for the right and left hand but not separately for every distal interphalangeal joint. The OR for those 12 subjects with Heberden's nodes in both hands was 3-28 (0-98 to 1099). At follow up the nodes were assessed for every distal interphalangeal joint and the OR for those subjects with nodes in three or more joints was 2-86 (061 to 
